Introduction
Cnidarians (such as corals, sea anemones, hydroids and jellyfish) constitute the sister group to all bilaterian animals (Hejnol et al., 2009; Ryan et al., 2013; Technau and Steele, 2011) and are among the earliest diverging phyla possessing neurons (Galliot and Quiquand, 2011) . The cnidarian nervous system consists of three main cell types: sensory neurons, ganglionic neurons, and a phylum-specific sensory/effector cell called a cnidocyte or nematocyte (also known as stinging cells); all of these are thought to develop from a common proliferative precursor population (MiljkovicLicina et al., 2007; Richards and Rentzsch, 2014) . Cnidarian and bilaterian nervous systems are considered homologous, having evolved from their common ancestors some 700 million years ago (Kelava et al., 2015) .
Cnidarians employ all major cellular signaling systems known from bilaterians, but the roles many of these pathways play in cnidarian development are not well understood. Notch signaling has been studied in two cnidarians in several contexts but a clear consensus on its function is lacking. Research carried out on the sea anemone Nematostella, a member of the cnidarian clade Anthozoa, revealed that embryonic neural progenitors in these animals are epithelial and their numbers are controlled by Notch signaling (Layden and Martindale, 2014; Marlow et al., 2012; Richards and Rentzsch, 2014; Richards and Rentzsch, 2015) , similar to their bilaterian counterparts.
In hydrozoan cnidarians, however, neurons develop from non-epithelial, migratory stem cells, called i-cells, which are segregated during gastrulation (Gahan et al., 2016; Hager and David, 1997; Leclere et al., 2012; Miljkovic-Licina et al., 2007) .
Pharmacological inhibition of Notch signaling in adult Hydra, a hydrozoan cnidarian, revealed no effect on the numbers of adult neurons (Käsbauer et al., 2007; Khalturin et al., 2007) , but this treatment did affect nematocyte differentiation and tentacle development (Käsbauer et al., 2007; Khalturin et al., 2007; Münder et al., 2013) , defects that were also observed in Nematostella following pharmacological Notch inhibition (DuBuc et al., 2014; Fritz et al., 2013; Marlow et al., 2012) . Hence, the role of Notch in tentacle morphogenesis and nematogenesis seems to be conserved in cnidarians, but its function in neural development requires further research across the phylum. In particular, a role for Notch in de novo adult and embryonic neurogenesis in hydrozoans has yet to be assessed (Rentzsch et al., 2016) . Furthermore, genetic approaches have not been utilized in hydrozoan Notch studies.
To extend the knowledge on Notch signaling in cnidarians we focused on Hydractinia echinata, a hydrozoan that allows experimental access to all life stages (Flici et al., 2017; Gahan et al., 2016) (Fig. S1 ). To manipulate Notch signaling, we used genetic gain and loss of function, and pharmacological interference. We analyzed embryos, metamorphosing larvae, and regenerating adults. Our collective data show that Notch signaling is not required for the initial development of at least a subset of neural cells in embryos and adults. However, we confirm the role of Notch signaling in nematocyte differentiation and tentacle morphogenesis.
Materials and methods

Animals
Hydractinia echinata colonies were sampled in Galway Bay, Ireland, and in Roscoff, France. They were cultured in artificial seawater at 18-20ºC under a 10/14 dark/light regime. Animals were fed three times a week with brine shrimp nauplii and twice with ground oyster. Daily spawned gametes from males and females were mixed to enable fertilization and embryos were allowed to develop to larva stages in plastic Petri dishes. Metamorphosis was induced using a pulse treatment with CsCl (Müller and Buchal, 1973) . Metamorphosing animals were positioned on glass coverslips in seawater and allowed to metamorphose.
Pharmacological inhibition of Notch signaling
N-[N-(3,5-difluorophenacetyl)-l-alanyl]-S-phenylglycine t-butyl ester (DAPT; Abcam, ab120633) was diluted to a stock concentration of 10 mM or 0.1 mM in DMSO and then diluted 1:1000 in artificial seawater to give working solutions of 10 μM and 0.1 μM, respectively. 0.1% DMSO was used as a control in all experiments. Embryos were treated from the 1-2 cell stage until fixation. For metamorphosis experiments animals were first induced with CsCl and then placed in DAPT. Regenerating animals were placed in DAPT immediately post decapitation. In all cases the solution was changed every 24 hours.
Notch intracellular domain overexpression
In order to generate the Notch intracellular domain (NICD) overexpression construct, the NICD was amplified from cDNA using primers NICDfwd (5'ATGAAAAGGACCTATGGTGCCC3') and NICDrev (5'GCATTGAAATTATATAGTTCGTGCTACAAC3') and cloned into the β-tubulin::GFP plasmid using Gibson assembly to generate an NICD-GFP fusion separated by a linker region as used previously (Flici et al., 2017) . Injections were carried out as previously described (Millane et al., 2011) .
Staining of nematocysts
Nematocyst staining was carried out as outlined (Szczepanek et al., 2002) . Animals were anesthetized, if necessary, for 30 minutes in 4% MgCl 2 in 50% ASW/ 50% H 2 0.
Fixation was carried out for 30 minutes at room temperatures in 4% PFA in PBS supplemented with Triton X-100 to a final concentration of 0.3% and EDTA to a final concentration of 10 mM (PBSTE). Following fixation animals were washed three times in PBSTE and then stained overnight in 1:200 DAPI (10 mg/ml) in deionised water. After staining, animals were washed three times in PBSTE and mounted in Fluoromount (Sigma F4680). To combine with antibody staining the immunofluorescence (IF) protocol was carried out as below except EDTA was added to all solutions to a final concentration of 10 mM and DAPI staining was carried out after the secondary antibody.
mRNA in situ hybridization
Whole mount RNA in-situ hybridizations were carried out as previously published (Gajewski et al., 1996) with minor changes (see supplemental materials and methods).
Immunofluorescence
Prior to fixation adult stages were anesthetized in 4% MgCl 2 in 50% ASW/ 50% H 2 O.
Animals were fixed in 4% PFA in PBS for 20-60 minutes at room temperature or overnight at 4°C. This was followed by three washes for 10 minutes in PBSTx. For larva an additional wash overnight at 4°C was carried out. Animals were then blocked in 3% BSA in PBSTx for one hour at room temperature before primary antibody (anti acetylated tubulin, Sigma Aldrich T7451; Anti-FRamide (Seipp et al., 2010) ; AntiGLWamide (Schmich et al., 1998) ) incubation in 3% BSA in PBSTx overnight at 4°C. Animals were then washed four times in PBSTx for at least 10 minutes each. An additional overnight wash in PBSTx was carried out on larva. Following this, blocking was carried out in 5% goat serum, 3% BSA in PBSTx and then secondary antibody incubation (goat anti-mouse 594, Abcam 150116; goat anti-rabbit 488, Invitrogen A11008) was carried out at room temperature for two hours at a concentration of 1:500 in 5% goat serum, 3% BSA in PBSTx. Animals were then washed once for 20 minutes in 10 ng/μl Hoechst 33258 (25 mg/ml, Sigma B2883) in PBSTx followed by three washes with PBSTx. Animals were mounted in Fluoromount (Sigma F4680).
Microscopy and cell counting
Fluorescence microscopy was carried out using the Olympus BX51 compound microscope. Confocal microscopy was carried out on either an Olympus FV1000 with an inverted IX71 microscope or Andor revolution spinning disc confocal microscope (Yokagawa CSU 22 ). Image analysis was carried out in all cases using ImageJ (Version 1.6.0_20).
Cell counting was carried out using ImageJ cell counting feature. All counting experiments were carried out in triplicate and at least 8 animals were counted per treatment. For GLWamide + neurons, confocal z-stacks were counted manually, without projecting. Only the aboral domain of the larva was counted, as this is the site where the majority of the GLWamide + neurons reside at this stage. For DAPI stained nematocytes images were taken at the surface of the larva. These were then manually counted. Statistical significance was assessed using two-tailed Student t-test if the data were normally distributed (tested by the Shapiro-Wilk test), and the MannWhitney U test was carried out otherwise. All data is shown +/-standard deviation and represent either individual biological replicates or pooled data from 3 replicates as indicated in the figure legends.
CRISPR-Cas9 mutagenesis
Four sgRNAs were generated targeting exons of the Notch locus found in both isoforms (Fig. 1C) . These sgRNAs were injected into zygotes at a concentration of 125ng/ul each along with 1ug/ul Cas9 protein (PNAbio, CP02) and 1x NEB buffer 3 (NEB). Before injection the mixture was incubated for 10 minutes at 37°C.
Phylogenetic analysis
Phylogenetic analysis was performed using maximum likelihood and Bayesian inference as detailed in the supplemental materials and methods.
Results
Notch signaling components are encoded in the Hydractinia genome
We first investigated the presence of Notch pathway components in Hydractinia. We found that the Hydractinia genome encodes a single Notch gene ( (Fig. 1B, D , E). During embryogenesis, Notch appeared to be expressed in both the ectoderm and endoderm with higher expression towards the aboral pole, but was somewhat variable between individuals. In the adult polyp, Notch was expressed in the body column, excluding the most aboral section, and at the base of the tentacles (Fig 1B) . This expression pattern is similar to HyNotch expression in Hydra (Münder et al., 2013; Wenger et al., 2016) . We also found that Notch is alternatively spliced to generate two main isoforms that share all major Notch domains and differ only in the first two exons, which encode EGF repeats ( Fig.   1C , F).
Notch signaling is not required for the normal development of the embryonic RFamide + and GLWamide + nervous systems
We then studied the function of Notch signaling, starting with embryonic neurogenesis. For this, we performed CRISPR-Cas9 mediated mutagenesis in Hydractinia to target its single Notch gene. We developed a strategy whereby we coinject four sgRNAs with Cas9 protein. To test the efficiency of this approach, genomic DNA was extracted from two independent replicates of pooled, injected larvae. PCR was then carried out, covering the region targeted by all four sgRNAs using primers flanking the four predicted cut sites. Gel electrophoresis revealed extra bands at lower sizes than expected (Fig. S2A) . Sanger sequencing has shown either a large deletion resulting from simultaneous cutting by two or more sgRNAs (band 2 in Fig. S2A ) or a large resection after cutting with a single sgRNA (band 1 in Fig. S2A ).
The upper band, i.e. the band at the expected wild type size, was excised, extracted, cloned, and sequenced, revealing the presence of mutations within that region (Fig.   S2B ). Analysis of multiple clones was used to evaluate the percentage of mutated alleles. Overall, the normal sized alleles were mutated at one or more sites in about 70% of the cases (Fig. S2C ) and all scored mutations resulted in frameshifts. Hence, combined with the lower bands, which represented alleles with larger deletions, the rate of mutated alleles was well over 70% in the injected F0 animals using this strategy. We also used a pharmacological approach, by treating developing embryos with the -secretase inhibitor N-[N-(3,5-difluorophenacetyl)-l-alanyl]-Sphenylglycine t-butyl ester (DAPT); this drug prevents release of the Notch intracellular domain (NICD), an essential step in activation of the pathway (Geling et al., 2002; Käsbauer et al., 2007; Micchelli et al., 2003) . We then monitored the development of the nervous system in these embryos using markers of early and late neurogenesis. We also stained poly--glutamate + nematocyst capsules as markers for mature nematocytes (Szczepanek et al., 2002) . Overall, genetic or pharmacological inhibition of Notch signaling had no effect on RFamide + and GLWamide + neurons but did reduce the numbers of mature nematocytes (Fig. 2) , a phenomenon also known from other cnidarians (Käsbauer et al., 2007; Khalturin et al., 2007; Marlow et al., 2012; Richards and Rentzsch, 2015) . A detailed analysis of DAPT treated embryos revealed normal numbers and distribution of GLWamide + and RFamide + neurons, as well as Ncol1 + nematoblasts (i.e. committed, immature nematocytes: Fig. 2A-C) in planula larvae at all concentrations tested, but mature nematocyte numbers were drastically reduced in a dose dependent manner (Fig.2D) . Importantly, genetic inhibition of Notch signaling did not compromise the animals' development to metamorphosis competence -a stage that, in Hydractinia, requires GLWamide + neurons (Schmich et al., 1998) . Together, these experiments show that Notch signaling is not involved in Hydractinia embryonic neurogenesis, at least with respect to RFamide + and GLWamide + neurons. We also conclude that Notch signaling plays a role in late nematogenesis, which has also been shown in other cnidarians (Käsbauer et al., 2007; Marlow et al., 2012) ; in Hydractinia this role is limited to later differentiation stages but does not include the control of their early commitment. The absence of a neurogenic effect (i.e. excessive neurons) following Notch inhibition in Hydractinia embryos, is markedly different from earlier Notch inhibition experiments on bilaterian and anthozoan cnidarian embryos that result in an increase in the numbers of neural cells (Chitnis and Kintner, 1996; Hartenstein and Stollewerk, 2015; Henrique et al., 1997; Louvi and Artavanis-Tsakonas, 2006; Richards and Rentzsch, 2015) .
Notch signaling is not involved in development or regeneration of the adult nervous system
We then investigated the effect of Notch signaling inhibition on the formation of the adult nervous system during metamorphosis, a process that transforms a planula larva into a polyp (Fig. S1 ). Pharmacological inhibition of Notch signaling during the course of metamorphosis resulted in polyps with normal Rfamide + oral nervous systems (Fig. 3A) . We next studied the effect of inhibition of Notch signaling on adult neurogenesis during regeneration. Hydractinia can regenerate a fully functional head, including its nervous system, 2-3 days post-amputation (Bradshaw et al., 2015) .
Hence, we treated decapitated animals with DAPT, allowed them to regenerate and stained with anti-acetylated tubulin antibodies to mark the nervous system. We found no gross difference in the regenerated, acetylated tubulin positive nervous system between DAPT treated and control animals (Fig. 3B) . Finally, we analyzed the effect of DAPT treatment on adult nematogenesis by treating adult polyps with DAPT while feeding them to deplete existing mature nematocytes. This led to a reduction in the number of mature nematocytes (Fig. 3C) . Therefore, Hydractinia neurogenesis in embryos and adults is similar with regard to Notch function.
Notch signaling is required for tentacle morphogenesis
Next, we studied the role of Notch signaling in morphogenesis. Notch signaling is frequently used in metazoan development to generate sharp boundaries between domains (Bray, 2006) . Indeed, in Hydra it was shown to have a role in boundary formation during budding (Münder et al., 2010) . DAPT treatment during regeneration led to a block in tentacle formation (Fig. 4A and B) , a phenotype also known from other cnidarians (DuBuc et al., 2014; Fritz et al., 2013; Marlow et al., 2012; Münder et al., 2013) . However, as shown above, the acetylated tubulin positive oral nervous system in regenerating, Notch inhibited polyps was normal (Fig 3B) . Pharmacological or genetic inhibition of Notch signaling during metamorphosis led to a striking reduction in the number of formed tentacles without affecting stolon outgrowth or hypostome development (i.e. the region between the tentacles and the mouth; Fig 4C- E). This is consistent with results obtained in other cnidarians.
Finally, we studied the effect of ectopic Notch activation on Hydractinia development.
For this, we ectopically expressed NICD in Hydractinia embryos using random integration transgenesis, which produced transgenic mosaic animals (Fig. S3) . These animals developed normally to metamorphosis-competent planula larvae and were then induced to metamorphose. Consistent with the Notch inhibition experiments described above, following metamorphosis induction they developed multiple ectopic tentacles (Fig. 4F) , phenotypes never seen in control transgenic animals that expressed a GFP transgene driven by the same promoter (Fig. 4F) .
Discussion
Taken together, these results show that Notch signaling in Hydractinia is required for tentacle morphogenesis and for late stage nematocyte differentiation, but is dispensable for the development and normal distribution of Rfamide + and GLWamide + neurons. Given that Notch signaling is generally considered to be a negative regulator of neurogenesis (Hartenstein and Stollewerk, 2015) , the lack of a neurogenic effect, i.e. increase in neural cells following Notch inhibition, is striking.
Hence, our data not only confirm previous results on adult neurogenesis in Hydra, but also extend the understanding of Notch signaling in hydrozoans to adult regeneration, metamorphosis, and embryonic development.
The evolution of Notch signaling as a negative regulator of neurogenesis is debatable, being either a primitive or a derived trait. According to current literature, this function of Notch is present in nearly all studied bilaterians (Hartenstein and Stollewerk, 2015) and in anthozoan cnidarians (Layden and Martindale, 2014; Marlow et al., 2012; Richards and Rentzsch, 2015) . Our data, and those of previous authors working on Hydra (Käsbauer et al., 2007; Khalturin et al., 2007) , suggest that it is absent in hydrozoans. Given the phylogenetic position of the Anthozoa as a basal cnidarian clade (Bridge et al., 1992; Zapata et al., 2015) , with Hydrozoa considered derived, a scenario of a primitive Notch function in neurogenesis inhibition in eumetazoans is parsimonious (Fig. 5) . Hence, the absence of this trait in Hydra and Hydractinia reflects a specific loss in the hydrozoan lineage rather than multiple acquisitions in other lineages. Of note, early neurogenesis in the annelid Platynereis is Notch independent (Gazave et al., 2017) , like in hydrozoans, and could represent an additional, independent loss. Analysis of the role of Notch signaling in other cnidarian clades and in the basal bilaterian phylum, Xenacoelomorpha, would help resolve this issue.
Other than most studied animals, anthozoan cnidarians included, whose neuronal progenitors are epithelial (Hartenstein and Stollewerk, 2015; Richards and Rentzsch, 2014) , hydrozoan neural cells develop from migratory, non-epithelial stem cells, called i-cells that also give rise to non-neural cell types (Gahan et al., 2016) .
Furthermore, neurogenesis occurs in both the ectoderm and endoderm in Nematostella.
Hydrozoan i-cells are first found in the endoderm, and embryonic neurogenesis occurs within this tissue (Flici et al., 2017; Martin, 1990) , also pointing to a derived mode of neurogenesis in hydrozoans. Co-occurrence of the i-cell lineage, exclusively endodermal embryonic neurogenesis, and the loss of Notch mediated neurogenesis inhibition in hydrozoans are consistent with a link between these phenomena.
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SUPPLEMENTAL MATERIALS AND METHODS
Notch phylogeny
Hydractinia notch protein sequence, as well as those for Notch ligands and CBF proteins, were obtained from a transcriptome generated as described (Török et al., 2016) . All sequences have been submitted to GenBank with accession numbers as follows: Notch-a (KY882021), Notch-b (KY882022), Delta1 (KY882018), Delta2 (KY882019), Jagged1 (KY882020), Su(H) (KY882023).The notch protein sequences of other metazoans were retrieved from published alignments (Gazave et al., 2009) . Hydractinia echinata Notch (this study), Hydra vulgaris notch (GenBank Accession ABV68547.1) and Pleurobrachia bachei notch (http://neurobase.rc.ufl.edu/pleurobrachia/browse) sequences were added to the existing alignments (Gazave et al., 2009) using MAFFT (v1.3.3) in Geneious (version R8; Biomatters). EGF repeat domains were excluded from the alignments due to their variability across species (see (Gazave et al., 2009 ) for details). Thus, notch alignments start only at the notch LNR domain and continue to the end of the protein. As a consequence, both Hydractinia Notch isoforms differ only in the EGF domain repeat number converge (Fig. 1) .
Bootstrapped maximum likelihood phylogenies were prepared with RAxML (version 7.2.8) using a WAG substitution matrix and executing 500 rapid bootstrap inferences and thereafter a thorough ML search. All free model parameters were estimated by RAxML using a gamma model of rate heterogeneity up to an accuracy of 0.1 Log Likelihood units. Bayesian analysis was performed using MrBayes 3.2.6 in Geneious using the WAG fixed model and gamma rate variation. Markov Chain Monte Carlo runs of 1,100,000 generations were calculated with trees sampled every 200 generations and with a prior burn-in of 110,000 generations. The best-scoring tree was visualized using FigTree (v1.4.2;  http://tree.bio.ed.ac.uk/software/figtree) and annotated in Adobe Illustrator CS6.
Notch isoforms identification and expression analysis
RNA was extracted from adult male and female sexual polyps, adult feeding polyps, and developmental stages as described (Török et al., 2016) . Any contaminating material not representing the selected stage was removed from the samples before processing and seawater replaced by three washes in sterile 0.5 M NaCl. Total RNA was isolated by guanidinium thiocyanate and CsCl cushion ultracentrifugation (Chirgwin et al., 1979) . cDNA synthesis for Illumina HiSeq sequencing was conducted at the Cologne Center for Genomics (Cologne, Germany). 100-bp paired-end reads with 170 bp insert size were sequenced. We used FastQC (http://www.bioinformatics.babraham.ac.uk/projects/fastqc/ [last accessed 23/10/2016]) to validate data quality and Trimmomatic (Bolger et al., 2014) to clean adapters and weakly supported bases. We assembled each single transcriptome, as well as all data combined with the Trinity pipeline (Haas et al., 2013) and calculated FPKM values with RSEM (Li and Dewey, 2011) and edgeR (Robinson et al., 2010) as integrated in this pipeline. We then used the clc mapper v.5.0 (CLC Bio, Qiagen) to map RNA-Seq data to genomic contigs containing the predicted notch gene to analyze transcript coverage. Notch isoforms were identified by mapping RNA reads from above (clc mapper results) for various life stages of Hydractinia to the genomic Notch locus using tophat2 (invoking bowtie2) (Kim et al., 2013) . We then used cufflinks (version 2.2.1) (Trapnell et al., 2012) and stringtie (version 1.3.0) (Pertea et al., 2015) to assemble isoform transcripts. Overall expression analysis using Trinity (see above)
was not sensitive enough to pick up both Notch isoforms, thus, the relative expression between isoforms was determined as follows: the number of reads mapped to the first shared exon (E3; Fig. 1C ) of the two isoforms was counted. Following this, the number of reads mapped to exon 1 of each isoform (E1, E1*; Fig. 1C ) were also counted and normalized to the read number of the first shared exon (E3) and results expressed in percentage of total reads mapped to E1 and E1*.
Whole mount RNA is-situ hybridisations
Polyps were anaesthetized for 30 minutes in 4% MgCl 2 in 50% ASW/ 50% H 2 O. Animals were then fixed in 4% PFA in HEPES buffer (100 mM HEPES, 4 mM MgSO 4 , 140 mM NaCl) for one hour at room temperature or overnight at 4°C. Animals were then washed three times for five minutes in 0.1% TWEEN20 in PBS (PBST). Animals were then dehydrated through a series of 25%, 50%, 75% and 100% methanol with each step incubated for ten minutes. Animals were then stored at -20°C for later use or used immediately. Animals were rehydrated through a reverse series of methanol, as above, followed by three washes in PBST for five minutes each. This was followed by incubation for 15 minutes at 95°C in PBST.
Animals were then washed once with 1x triethylamine (TEA), 0.06% acetic acid in 1X TEA, 0.12% acetic acid in 1X TEA and PBST for five minutes each. Animals were then fixed for 20 minutes in 4% PFA in PBS followed by three washes in 0.3% Triton X-100 in PBS (PBSTx) for five minutes each. Blocking was then carried in 2 mg/ml yeast tRNA for ten
minutes. An equal volume of hybridization buffer (50% deionised formamide, 0.1 mg/ml yeast tRNA, 0.1 mg/ml Heparin, 5x SCC, 0.1% Tween 20) was then added and incubated for a further ten minutes. Pre-hybridization was then carried out overnight at 50°C in hybridization buffer. Probes were diluted to a concentration of 40 ng/ml in hybridization buffer and hybridization was carried out overnight at 50°C. Following hybridization animals were washed once in hybridization buffer at 50°C for five minutes followed by one hour in wash one (50% formamide, 2x SCC, 0.1% TWEEN 20) at 50°C, 15 minutes in wash two (2x SCC, 0.1% TWEEN 20) at 50°C, 15 minutes in wash three (0.2x SCC, 0.1% TWEEN 20) at 50°C and 15 minutes in wash three at room temperature. This was followed by three washes for five minutes in PBSTx and then one hour blocking in 3% bovine serum albumin (BSA) in PBSTx. Animals were incubated in 1:2000 antibody (Anti-DIG AP, Roche) in 3% BSA/PBSTx overnight at 4°C followed by thee washes with PBSTx. Three washes in alkaline phosphatase (AP) buffer (100 mM NaCl, 100 mM Tris-HCl pH 9.5, 50 mM MgCL 2 , 0.1% Tween 20) were then performed prior to staining. Animals were stained in NBT/BCIP solution (225 ug/ml NBT, 175 ug/ml BCIP in AP buffer) and staining was monitored under a microscope. Once staining was completed animals were washed three times in 10 mM EDTA in PBSTx and mounted in 90% glycerol.
Notch in-situ hybridization required a more stringent protocol where tissue was pre-fixed in 4% PFA in filtered artificial seawater containing 0.2% glutaraldehyde for ninety seconds.
Then, tissue was fixed for one hour at 4˚C in 4% PFA in filtered artificial seawater. Samples were then washed five times for five minutes in PBST, followed by dehydration in a series of 25%, 50%, 75% and 100% methanol. Additionally, samples were washed in 75% methanol / 25% acetone, then 80% acetone / 20% methanol to help with permeabilization. Samples were stored in 100% methanol at -20°C. Tissue hybridization was carried out overnight at 55°C, and Notch probes were diluted to a concentration of 1 ng/ml. Subsequent washes and development after hybridization were the same as protocols developed for Nematostella vectensis (Wolenski et al., 2013) .
Ncol1 and Rfamide probes were as previously published (Kanska and Frank, 2013) . Notch probes were generated using the same protocol. Briefly primers containing Sp6 and T7 sites (FwdT7:5'GATCATAATACGACTCACTATAGGGCTGGTGGTTGTTTCTCTACAACT3', RevSP6:5'TAGCAATTTAGGTGACACTATAGAAGATGCAATGCGGTATAACCCT3') were used to amplify a ~800bp fragment of the Notch gene from cDNA and this was then used as template for probe synthesis as previously described. Figure S1 . The Hydractinia life cycle. Mature colonies spawn daily in a light induced cycle and fertilization occurs in the water column. Embryonic development gives rise to a motile planula larva within 2-3 days. The larva can be induced to undergo metamorphosis and give rise to a sessile primary polyp consisting of a cylindrical body column with an oral 'head' that includes a mouth and hypostome surrounded by a ring of tentacles. The polyp is attached to the substratum at the aboral side and a gastrovascular network of tubes -known as stolonconnects all polyps in a colony. The stolons grow outwards from the primary polyp and bud new polyps at regular intervals. The stolonal epidermis eventually fuses to form a stolonal mat. Upon reaching sexual maturity the colony, which now consists of hundreds of polyps, will bud a new polyp type, the sexual polyp, which will give rise to the gametes. 
SUPPLEMENTAL FIGURES
